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Technical Lesson 16 

THE STORAGE OR SEGOHDARY BATTERY 

The term "storage battery" has become, since the rise 

of radio broadcast receivers, almost as common as the * 

To the average broadcast listener the storage battery is simply a 

box-liL affair that lights the tubes in his radio set. For 
the Itudent of radio, however, the storage cell mst mean mo^than 
that and its construction, action and maintenance should be und 

stood. 

Sorage Battery Company and the Edison nickel-iron alkali cell, ma e 
by the Edison Storage Battery Company* 

DIFFERENCE BETWEEN PRIMARY AND SECONDARY CELLS 

lesson* 

The primary cell, current ttoo^rthe^prlL^y ^11 

the sine .^^.fd^schargS cu^renrof ^elell, wMch would 

°^I?:rrtL° ^^e^Ln^r- wo^^Ha^ a storage cell, but since this is 
not possible the elements must be replaced. 

m-L. /«aTs-Q- n#>ii allows a reverse current, called the charging current, 
t senf?hre^h it whLh llHorls the ceil to use again without ^ving 

in the opposite direction of discharge* 

is s.*si.ss*pSJ.*£.ss tr:. 

acid solution* 

CONSTRUCTION OP THE LEAD ACID CELL 

ilililiilSisSi 

stlglered’as shoTO in Figure 2. This construction of the plate makes 
fst^ong rigid frame to hold the active material. 
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THE ACTIVE MATERIAL 


The active material is a paste of litharge, oroxide of lead, mixed with 
dilute sulphuric acid. This paste is forced into the opening of the 
plates under great pressure; the pressure together with the adhevsive 
properties of the material combine to hold the paste in place. 

When the plates have been completed,i.e., the openings filled with paste, 
they are then placed in a solution of sulphuric acid and water, called the 
electrolyte, and given the forming charge. This forming charge consists 
of passing a current of electricity through the plates and electrolyte 
which changes one plate to lead peroxide and the other to sponge lead. 



After the forming charge the plates are then taken out of the forming 
tank. Figure 3 shows the negative plate after this charge. It has been 
chemically changed to sponge lead and is gray in color. Figure 4 shows 
the positive plate which has been changed to lead peroxide and which is 
brown in color. 


THE AMPERE HOUR RATING OF THE STORAGE BATTERY 


The capacity of a storage cell is rated in ampere hours. The ampere 
hour is the unit employed to express the equivalent quantity of current 
represented by current of one ampere flov/ing through a given circuit for 
an hour of time. The normal discharge rate for most bat'terles is gener¬ 
ally based on the 8-hour rate of discharge. For example, suppose you 
have a battery which is rated as having a capacity of 110 ampere-ho^s, 
the normal rate of discharge is fotmd by dividing 110 by 8, or 13.75, 
which means that thirteen and three-quarters amperes can be drawn from 
the battery for a period of 8 hours. From a theoretical standpoint it 
would seem that the above battery would deliver 110 amperes for a period 
of one hour. This, however, from practical experience, has proven to be 
untrue. As the rate of discharge is increased the ampere-hour capacity 
decrease because of the inability of the acid to properly and quick 
ly combine with the active material of the plates at the more rapid rate 
of discharge. 
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^PHE CHEMICAL ACTION OP A LEAL STORAGE BATTERY 

When a lead storage cell is put on discharge the current is produced 
by the acid of the solution going into and combining with the porous 
pLt of the plate called the "active material". In the positive plate 
the active material is lead peroxide and in the negative plate it Is 
metallic lead in a spongy form. 

When the sulphuric acid, Efe SO 4 , ih the electrolyte combines with 
the lead, Pb, in the active material of both plates, a compound lead 
sulphate", Pb SQ^, is formed. 

As the discharge progresses the electrolyte becomes weaker by the 
tLunt of acid thL is used in the plates, and the formation of more 
water due to the chemical combination of the hydrogen, H, and oxygen, 

0, producing the electric current and incidentally produci^ the 

compel of acid and lead called ores 

continues to increase in quantity and 

^^atfIh^fr^e oracf^lnto^tr^l^s Sd. 

sinL thi acid cannot then get into J^'i^icaterby^the 

the normal action, the battery becomes less active as indicated by the 

rapid drop in voltage* 

During the charging period direct current must pass through the cells 
iTthf direction ^posite tb that of discharge. This current will 
reverse the action which took place in the cells ^ 

will be remembered that, during discharge, the acid of the solution 
went in and combined with the active material, filling the pores with 
sulphate and causing the solution to become weaker; reversing the current 
restore! tSe !ttive material to its original condition and ret^ns the 
acid to the solution. Thus, during charge, the solution gradually be 
times stronger as the sulphate in the plate decreases, 
auluhate resins and all the acid has been returned to the solution, 

4 4 - win bp of the same strength as before the discharge and the 
TZ “ifwin hfr!a!y bfus!l over again during the next discharge. 

!?!!e“herfis no loss of acid by this process, none should ever he 
added to the solution except to replace that which may be spille 

both plates: 


Pb02+ Pb+ 2H2SO4 


2PbS04+ 2H2O 


■n 4 -/^ -nio-bi- -f-bi*? exoression represents the chemical reactions 

le?t, the chemical reactions during 

charge• 
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THE ITUMBER OP PIRATES IN POSITIVE AND NEGATIVE GROUPS 


When the battery is discharging the chemical action taking place is 
greatest on the positive plate. There is, as a result of this^greater 
chemical action, more heat produced in the plates of the positive group. 
This heat must’be equalized, that is, evenly distributed on both sides 
of the plates to prevent what is termed "buckling”. Buckling is analo¬ 
gous to the warping of a board to which heat has been applied naturally 
or intentionally at a greater intensity on one side than the other. v^Jhen 
a lead-acid-cell plate buckles it has a tendency to loosen the active 
material. This of course decreases the efficiency of the battery be¬ 
cause, without this active material, the battery will not function. To 
accomplish the even distribution of heat arising in the positive plates, 
the negative group always consists of one more plate than the positive 
group and when the groups are assembled the positive plates are sur¬ 
rounded by the negative plates thus assuring a more even temperature 
on both sides of the positive plates. The negative group is shown in 
Figure 5 and the positive in Figure 6. Figure 7 shows how the two 
groups are interleaved so that the negative groups surround the positive. 



Figure 5 


SEPARATORS 


Figure 6 


When the positive and negative groups are interleaved, specially pre~ 
pared wooden and rubber separators are placed between the plates to 
prevent the plates of the negative group from coming in contact with 
the positive group. The perforated rubber separator, as shown in 
Figure 8, is placed on each side of each positive plate, and a grooved 
wooden separator, shown in Figure 9, is placed between each rubber 
separator and the adjacent negative plate in such a 

side of the wooden separator is against the negative. The active m- 
terial that la worked loose by the chemical action drops down to the 
bottom of the jar throxigh the grooves of the wooden separator. 


p 
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With the plates interleaved and the separators in place the two com- 
pletly assembled groups are now called the "elements • placed 

in a rubber jar which has a rubber cell cover tightly sealed by means of 
a special sealing compound,. The cover is shown in Figure 10 with the 
filling and sealing plug fitted in place. 


POSITIVE. PLfcTES--^ 



Inesative plates 


Figure 7 



THE COMPLETED CELL 



Figure 9 


Pieure 11 is a cutaway view showing the completed cell. Notice the 
ribs at the bottom of the jar on which the plates rest; this provides 
space for the active material^ which works from the plates to drop, 
thus preventing short circuiting of the plates. The channel ruming 
around the edge of the top cover is for the sealing compound 
poured in until it is flush with the top of the jar and coyer. 
cells are now ready to be placed in the battery 

or composition structure, depending upon the service in which the 
battery is to be employed. 


CHbNNtl INTO «n»<N SIHIHO 
<OMPOUN» IT POVftItl 



I WUMOSPHa Foil THE 
'-~F0REI6M MATEIUtt WIU3I 
muxs OUT or the futes 


Figure 10 


Figure 11 


Figure 12 
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The cells are arranged as shoarn in Figure 12. In the battery box there 
has been placed three cells Cl, C2 and 03, The connector links are 
placed on the terminals of the cells after the rubber cover has been 
sealed in place, and connect the negative terminal of one cell to the 
positive terminal of the next cell and so on. All cells must be con¬ 
nected in series and, when completed, the battery has two terminal 
posts,- one negative and one positive. 

THE ELECTROLYTE USED IN THE BATTERY, SPECIFIC GRAVITY 

The completed battery shown in Figure 12 is now ready for the electro¬ 
lyte, This is the chemical solution which acts on the plates. Sulphuric 
acid is the base of the electrolyte and la mixed with pure distilled 
water, that is, water which containes no foreign substance. The percent¬ 
age of acid varies from 22 to 37 percent by volume, depending upon the 
type of cell. When a solution having a specific gravity of 1200 is 
required, and 1 part of acid to 4.3 parts of distilled water. For a 
specific gravity of 1275, add 1 part of acid to 2,8 parts of water and, 
when a solution having a specific gravity of 1300 Is desired, add 1 part 
of acid to 2,5 parts of water. 

This solution is generally placed in the battery by the manufacturer and 
it is not probable that the consumer will have this duty to perform. Yet 
should the buyer have this to do the electrolyte will come mixed and 
placing it in the battery is simply a matter of removing the sealing and 
vent pliog from the top of each cell and carefully pouring the solution 
in the cell. The electrolyte should cover the plates three-quarters of 
an inch. Do not use a metal funnel or allow the acid to come In contact 
with ?. metal container. A glass or earthenware container only should be 
employed for this purpose. 

THE HYDROMETER 

As explained, the electrolyte has weight, and to measure this weight 
an instrtunent known as the "hydrometer" is employed. In the process 
of charging and discharging the battery the acid, during discharge, 
combines with the active material of the plates and when being charged 
the acid is returned to the electrolyte. As the plates absorb the acid 
during discharge the density of the solution becomes lighter and it will 
not, therefore, support the weight of the hvdrometer as it will when 
the acid is combined with the water. 

The hydrometer is constructed on principles which are based on the 
density of the fluid it is to measure. This instrument, used to show 
the state of charge of the storage battery, is constructed as follows: 
The hydrometer is a long hollow glass tube, the general appearance of 
which is shown in Figure 13. At the lower and large part of the tube 
lead shot is placed and sealed in with wax. At the upper end of the 
glass tube the numbers LlOO, 1150, 1200, 1250, 1300 appear. This 
glass tube is placed in a larger glass container, the top of which 
is fitted with a rubber bulb for drawing the electrolyte into the 
container and in which the hydrometer floats. See Figure 14. When 
the hydrometer floats, the point on the scale at which it remains 
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stationary Indicates the weight of the liquid* In a solution having 
a large proportion of acid the hydrometer will not sink as deeply as 
in the liquid devoid of acid,or mostly water. 


Figure 15 shows a battery, the electrolyte of which is mostly water, 
giving a hydrometer reading of I.IOO. Figure 16 shows a solution heavy 
with acid reading 1.300. In the first the hydrometer sinks deep into 
the solution while in the latter it does not sink to the same depth 
indicating in the first instance a discharged battery and, in the 
latter, a charged battery* 



Figure 14 


PREPARING THE ELECTROLYTE 


if 

90 



Figure 


The very first thing that you must know under 
this heading is the care to be exercised in 
preparing electrolyte for lead-acid cells. 

You understand that this electrolyte is a com¬ 
bination of distilled water and sulphuric acid. 
The water is harmless but this cannot be said 
about the acid. Sulphuric acid in itself is a 
very destructive agent both to your clothes and 
parts of your body with which it may come in 
contact. If you spill acid on your hands or 
clothes it can be neutralized by quickly ap¬ 
plying a solution of baking soda and water, 
or household ammonia. 

There Is another danger in handling water and 
sulphuric acid, however, that Is not so easily 
taken care of and Is caused by improperly com¬ 
bining the two. Remember this,- yiVER ADD 
13 WATER TO STRONG SULPHURIC ACID - f^or the reason 
that water ana sulphuric acid, when combined, 
produce terrific heat and when water is added 
to the acid in large quantities steam is im¬ 
mediately generated which will blow the solution 
into your face and over your body resulting in 
severe acid bTxrns and perhaps blindness. 


ALWAYS ADD ACID SLOWLY TO THE WATER. Follow these instructions when 
mixing the acid electroYyte and you may proceed with assured success. 
The water used should be distilled but if pure water is not easily 
obtained clean rain water which has not run through metal gutters 
and lead down pipes may be used. Clean snow melted In an earthen 
or glass receptacle will be satisfactory. 


In mixing, add small quantities of acid to the water with the hydrome¬ 
ter, stirring carefully with a clean wooden stick until the proper 
specific gravity is obtained. The solution must be allowed to cool 
before it is placed in the battery* 
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The manvifacturers always specify in the instructions accompanying the 
battery the specific gravity of the electrolyte to be used with that 
particular battery, and their instructions should be carefully 
followed. 


THE CHARGINa OP BATTERIES 

The charging of all storage batteries must be done with direct current. 
If direct cxxrvent is not available alternating current must be changed 
to D.G. by the use of a rectifier. There are several good types of 
rectifiers on the market known chiefly as electrolytic and vacuum 
tube types. 


Thus we find when alternating current is used for charging purposes it 
must first be rectified Into a direct current by means of a rectifier. 
On the other hand when direct current is used it is a comparatively 
easy matter to charge storage batteries. The following explanations 
and diagrams may be used to accomplish the charging of batteries from 
a direct current source. 


A bank of lamps or a resistance unit may 
be employed. First, however, we will 
find out how to determine the apparatus 
to be employed; this means that we must 
recall some of the formulae we learned 
in earlier lessons. 


The direct current lighting mains in 
most homes have an E.M.P. of 110 volts 
and In our computations we will use 
that value. If, upon investigation, 
the line voltage is found to be higher, 
all that is necessary is to substitute 
the higher voltage in the formulae 
Which will be given. 

If we connect 110 volts directly across a storage battery a very 
high current would flow through the battery due to its low internal 
resistance. This is undesirable because a current too high in, value 
will damage the plates by over-heating and buckling, therefore we 
must insert some sort of current limiting device in the circuit to 
prevent more than the required current to flow through the cells. 

In our first problem we will study Figure 17 and use a resistance imit 
”R” which is placed in series with the line and storage battery, "B”. 
Suppose we wish to charge the battery at the rate of 2 amperes; with 
the voltage of 110 volts known we can determine the watts dissipation 
necessary by the following formula: 

W = I X E, substituting the known values we have, W = 2 x 110, where 
1=2 and E = 110, therefore W - 110 x 2 = 220 watts. 


SHOWING CeLL OISCHhAGEO 
SPECIPIC GRAVITY H'OO 


m 

‘ iysss 



r-sf 

“\z. 



■_zr. 

— 



Piglire 15 Figure 16 
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_„ted at 220 watts con- 

Sc^e^ln Te/ief Se ^te'ir 

c'm*r6ii't sntsrir^ 

wisli to clis-^S®* « -i-He ctxi*r®^t limitinS ® 

in most oases we lif, 3 ",:^’^°:orb/employir| Ohm’s Law 
iHf*© in terms of -^n^wine formala, R - 

H rr.ss" ^ 

«A", when oonnectea m 
wflf use the formula, IW - I x K. 



1«0 VOLT 
UN£ 


TO UOVOIT 
D.C. LINE 



Figure 18 


V. ...T. »I« must he 

have: ^ ■ I»- x R 

^ - A t; 55 * 220 watts. 

^ay he^etermined hy changing the resistance value 

T-^^'viirz roiaSio- ..<,«i«*- „„ „ 

1 «u,e IS ... ‘rf "S-sss 

regular electric ^rn^ls is called the lamp «aY he obtained simply 

sh“S -3 

lamp rated at 25 and diavlng ^ the charging rate. 

4now the voltage is llOj^^ne, with these '^^written in terms 

^faftlif-"if.^ivfaloS'o^^^e^ this particular case 
It watts and from that deriv^ w/K. The formu- 

r„! 5"=’?-- -a - -a. 



Referring to the first part of oiir problem we know that E s 110 and 
W - 75. By Inspection, then, we find the formula I - w/e will solve 
our problem in tei*ms of amperes, and by substituting we have I e-quals 
75/110 or 0.68+ ampere. 

0.68+ ampere is a very slow rate of charge, so let us replace the 
three 25 watt lamps with three others; one having a rating of 400 
watts, one of 25 watts, and the third 75 watts. 400 watts plus 25 
watts plus 75 watts is a total of 500 watts. By formula I = W/E 
and substituting our known values I = 500/110 or I = 4,54. 

COMPUTING CHARGING RATES PliOM P'ARM LIGHTING PLANTS 

Farm lighting electric plants, in some instances, have a maximum 
voltage of 32 volts. The rules already given apply here as well as 
in circuits of 110 volts. Care must be taken, however, to substitute 
32 for "E” instead of 110, For example, suppose you have a 6-volt 
storage battery and you wish to charge it at a rate of 4 amperes from 
a 32 volt farm lighting plant, R = e/i and substituting R - 32/4 or 
8 ohms. Eight ohms then is the required resistance, 

PRECAUTIONS TO BE OBSERVED IN CHARGING PROM DIRECT CURRENT 

Polarity must be correct. The positive of the charging source must 
be conneo'tect"'to the positive terminaT of the battery. If no voltmeter 
is available to determine tte polarity employ the water or potato test. 

Do not allow the leads to the battery to come in contact with groiuided 
water or gas pipes or other metal objects which may be grounded. Do not 
charge at an excessive rate. 

In the next lesson on stj-orage batteries further application of this 
source of E.M.F, will be taken up together with the care and mainte¬ 
nance necessary to obtain highest efficiency and life from the storage 
battery, 

EXAMINATION - LESSON 16 

1, Name the active materials used in the storage battery plates. 

2, What is the difference between a primary and secondary cell? 

3, Of what is the electrolyte of the Exlde cell composed? 

4, What is meam; by the ampere-hotir capacity of a storage cell? 

5, Draw a diagram of a simple charging circuit, 

6, What is the specific gravity of the electrolyte of a fully charged 
Exide battery? 

7, How would you mix acid with water when preparing the electrolyte? 

W^ ? 

57^ (a) Explain the chemical action taking place in a cell on charge, 

(b) On discharge. 

9, What current would be obtained for charging a battery if a resistance 
of 55 ohms were used on a 110 volt charging line? 

10, Of what use is a hydrometer? 
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